Introduction {#sec1-0300060518790175}
============

Mannitol is a nonreabsorbable sugar alcohol that acts as an osmotic diuretic, inhibiting sodium and water reabsorption in the proximal tubule and more importantly in the loop of Henle.^[@bibr1-0300060518790175]^ It is administered every 6 to 8 hours at a dosage of 0.25 to 1 g/kg/24 hour. The available solutions are 10%, 15%, and 20%. Effects of mannitol are visible a few minutes after administration, peaking after 1 hour and lasting for 4 to 24 hours.^[@bibr2-0300060518790175],[@bibr3-0300060518790175]^

Mannitol is an essential medication in the treatment of increased intracranial pressure (ICP). The effectiveness of mannitol depends on the initial ICP, the dose administered in the previous 3 hours (lower doses are associated with higher effectiveness), and the speed of infusion. Rapid mannitol infusion reduces ICP more effectively; however the effect is of shorter duration. Slower mannitol administration results in less marked decrease in ICP, but the effect lasts longer.^[@bibr4-0300060518790175]^ Although mannitol is generally well tolerated, a variety of fluid, electrolyte, and renal complications can occur if the patient is not carefully monitored.

Mannitol is freely filtered by the glomerulus and does not undergo tubular reabsorption. Thus, it acts as an osmotic diuretic, increasing urinary loss of both sodium and electrolyte-free water. Lack of replacement of the fluid loss can lead to both volume depletion and severe hypernatremia.^[@bibr5-0300060518790175]^ Other complications of mannitol therapy are volume expansion, hyponatremia, hyperkalemia, hypokalemia, and metabolic acidosis.^[@bibr6-0300060518790175],[@bibr7-0300060518790175]^

The effect of mannitol on the integrity of the blood--brain barrier is controversial. Many authors have reported that mannitol can disrupt the blood--brain barrier and increase its permeability,^[@bibr8-0300060518790175][@bibr9-0300060518790175][@bibr10-0300060518790175][@bibr11-0300060518790175][@bibr12-0300060518790175][@bibr13-0300060518790175][@bibr14-0300060518790175]--[@bibr15-0300060518790175]^ while others have shown that it has no effect on the blood--brain barrier.^[@bibr16-0300060518790175],[@bibr17-0300060518790175]^

Mannitol administration requires precise monitoring of patients to prevent water--electrolyte imbalance; however, lower mannitol concentrations provoke fewer adverse reactions. Serum osmolality should be maintained at 300 to 310 mOsm/L, and the patient should be properly hydrated.^[@bibr4-0300060518790175]^

Mannitol should not be administered to patients allergic to the substance, severely dehydrated patients, or patients with anuria, advanced heart failure, pulmonary edema, active intracranial hemorrhage (except craniotomy), or a damaged blood--brain barrier.

Impaired kidney function and overdosing may lead to a longer mannitol half-life and therefore increase serum osmolality with transfer of water and potassium to the extracellular area. These changes may lead to hyponatremia, hyperkalemia, metabolic acidosis, and pulmonary edema. Excessive water loss by brain cells may also be life-threatening.^[@bibr7-0300060518790175],[@bibr18-0300060518790175]^

Patients receiving 200 to 300 g of mannitol within 24 hour can reportedly develop reversible acute kidney failure.^[@bibr19-0300060518790175],[@bibr20-0300060518790175]^

Tick-borne encephalitis (TBE) is a relatively frequent neuroinfection in Poland. Data from the National Health Institute showed that an average of 250 persons develop symptoms of TBE annually.^[@bibr21-0300060518790175]^ Most cases are registered in the northeastern part of the country, and Podlaskie Region is considered an endemic area for TBE. The Department of Infectious Diseases and Neuroinfections in Białystok is a reference center and the main unit responsible for the treatment of patients with TBE in this region.

The treatment of TBE is symptomatic and includes administration of mannitol and nonsteroidal anti-inflammatory drugs. Patients with TBE are predisposed to hypovolemic hyponatremia due to dehydration caused by fever, vomiting, poor oral intake, and osmotherapy.^[@bibr21-0300060518790175]^ Therefore, one of the most important factors in patients' recovery is maintaining a proper electrolyte and fluid balance.

The present study was performed to precisely assess the effect of one dose of 15% mannitol on the hydration status and electrolyte balance of patients with TBE.

Materials and methods {#sec2-0300060518790175}
=====================

Patients {#sec3-0300060518790175}
--------

Patients hospitalized for treatment of TBE in the Department of Infectious Diseases and Neuroinfections of the Medical University of Białystok were included in the study. The study started in 2016 and is planned to continue through 2018. The results of this preliminary study were obtained in 2016. All hospitalized patients with TBE were enrolled in the study. None of the patients had been vaccinated for TBE. The disease was diagnosed based on the clinical presentation, cerebrospinal fluid examination findings, and presence of specific antibodies in serum. The TBE antibody titer was measured with an enzyme-linked immunosorbent assay (Enzygnost Anti-TBE/FSME Virus IgG, IgM; Siemens, Munich, Germany).

TBE was considered mild when no neurological symptoms were present (meningitis form). Meningoencephalitis and meningoencephalomyelitis were considered severe forms of TBE.

Patients were treated with analgesics, anti-inflammatory drugs, and 0.25 g/kg of 15% mannitol per dose. None of the patients received dexamethasone.

Procedures {#sec4-0300060518790175}
----------

All patients underwent measurement of their serum electrolyte concentrations (Na, K, and Cl) and creatinine concentration. The first blood sample was taken immediately before the nurse administered the first intravenous dose of 15% mannitol (0.25 g/kg). The second blood sample was taken 1 hour after mannitol infusion.

The reference ranges for the measured parameters were as follows: Na, 136 to 145 mmol/L; K, 3.5 to 5.1 mmol/L; Cl, 98 to 107 mmol/L; and creatinine, 0.5 to 0.9 mg/dL for women and 0.7 to 1.2 mg/dL for men. The patients' hydration status was measured before and 1 hour after mannitol infusion by whole-body bioelectrical impedance with multiple-frequency equipment (QuadScan 4000; BodyStat, Douglas, Isle of Man, British Isles). The analyzed parameters were the total body water volume (TBW) in liters and percent of body mass, internal body water volume (IBW) in liters and percent of body mass, external body water volume (EBW) in liters and percent of body mass, and third-space body water.

All measurements were performed by qualified personnel according to the previously reported tetrapolar method.^[@bibr22-0300060518790175]^ The subject was fasting, had no metallic objects, had not exercised or entered a sauna for 8 hours before the study, and had consumed no alcohol within the previous 12 hours.

Throughout the examinations, all of the subjects had their arms and legs in abduction; a towel or pillow was placed between the legs of obese subjects to avoid contact between the thighs. The impedance values were obtained at frequencies of 5, 50, 100, and 200 kHz. Using a frequency of 50 kHz, we obtained the resistance (R50), reactance (Xc50), and phase angle using BodyStat Phase Angle software (version 1.0, 2002). The frequency selected is a standard for bioelectrical impedance vector analysis. Additionally, we obtained the total impedance index, which is a body water distribution indicator, by dividing the 200-kHz frequency by the 5-kHz (Z200/Z5) frequency. The TBW and EBW were obtained using prediction equations.^[@bibr23-0300060518790175]^

Ethics statements {#sec5-0300060518790175}
-----------------

Patients voluntarily agreed to participate in the study and gave their written informed consent upon admission to the hospital. The study was registered in ISRCTN Registry under the number ISRCTN48274252 (DOI 10.1186/ISRCTN48274252). The study was approved by the Ethics Committee of the Medical University of Bialystok.

Statistical analysis {#sec6-0300060518790175}
--------------------

The results were statistically analyzed using Statistica 10 (TIBCO Software, Palo Alto, CA, USA). The Wilcoxon signed rank test was used for the group analysis. Correlations were measured using Spearman's test.

Results {#sec7-0300060518790175}
=======

Forty-one patients (17 women, 24 men; age, 19--73 years; mean, 41.28±15.76 years) were included in this study. The changes in the patients' hydration status and electrolyte balance after mannitol administration are presented in [Table 1](#table1-0300060518790175){ref-type="table"}. The initial examination on admission revealed dehydration in 19 patients, mild hyponatremia in 2, hypochloremia in 12, and hypokalemia in 3. After mannitol administration, 7 patients had hyponatremia \[1 had moderate hyponatremia (125 mmol/L), 3 had hypokalemia, 1 had hyperkalemia, and 17 had hypochloremia\]. The mean changes in the sodium, potassium, and chloride concentrations were −2.50 ± 3.62, 0.02 ± 0.40, and −1.86 ± 2.42 mmol/L, respectively.

###### 

Water and electrolyte balance before and after mannitol administration

![](10.1177_0300060518790175-table1)

                       All patients (n=41)   Women (n=17)    Men (n=24)                                                                           
  -------------------- --------------------- --------------- ------------ --------------- --------------- ------- --------------- --------------- --------
  Na (mmol/L)          139.37 ± 3.00         136.68 ± 3.90   0.0002       140.29 ± 3.29   137.77 ± 3.72   0.01    138.83 ± 2.75   135.89 ± 3.94   0.004
  K (mmol/L)           4.34 ± 0.43           4.33 ± 0.56     ns           4.07 ± 0.40     4.13 ± 0.67     ns      4.48 ± 0.37     4.48 ± 0.44     ns
  Cl (mmol/L)          101.89 ± 6.39         98.26 ± 4.10    0.0001       103.18 ± 5.02   100.00 ± 4.02   0.02    101.32 ± 6.93   97.00 ± 3.77    0.004
  Creatinine (mg/dL)   0.89 ± 0.24           0.86 ± 0.24     ns           0.68 ± 0.09     0.66 ± 0.06     ns      0.99 ± 0.23     0.99 ± 0.22     ns
  TBW (L)              41.32 ± 6.84          40.97 ± 6.66    0.0001       33.72 ± 3.94    33.50 ± 3.95    0.007   45.12 ± 4.31    44.70 ± 4.06    0.0002
  TBW%                 52.57 ± 5.33          52.14 ± 5.28    0.0001       47.50 ± 4.26    47.18 ± 4.10    0.007   55.11 ± 3.81    54.62 ± 3.89    0.0002
  ECW (L)              18.90 ± 2.80          18.78 ± 2.76    0.0001       17.95 ± 3.56    17.85 ± 3.52    0.02    19.38 ± 2.26    19.24 ± 2.23    0.001
  ECW%                 21.87 ± 2.91          21.72 ± 2.88    0.0001       20.28 ± 3.75    20.15 ± 3.71    0.02    22.67 ± 2.03    22.50 ± 2.08    0.001
  ICW (L)              24.82 ± 4.53          24.63 ± 4.43    0.0001       20.95 ± 4.25    20.82 ± 4.16    0.01    26.75 ± 3.29    26.54 ± 3.19    0.003
  ICW%                 28.61 ± 4.86          28.40 ± 4.81    0.0001       23.63 ± 4.19    23.51 ± 4.23    0.01    31.20 ± 2.69    30.95 ± 2.64    0.003

Data are presented as mean  ±  standard deviation.

TBW, total body water; ECW, extracellular water; ICW, intracellular water; ns, not significant.

One hour after mannitol administration, the TBW changed by 0.44% ± 0.55% (353 ± 488 mL) (range, 0--2500 mL), the EBW changed by 0.12% ± 0.15% (151 ± 168 mL) (range, 0--500 mL), and the IBW changed by 0.19% ± 0.40% (205 ± 447 mL) (range, 0--2300 mL).

The mean ECW/ICW ratio was 0.7694 ± 0.07 before mannitol treatment and 0.7699 ± 0.07 at 1 hour after mannitol treatment. The change was not statistically significant.

With respect to disease severity, no significant differences were observed in the patients' electrolyte or water balance after mannitol administration.

In men, age was correlated with the change in TBW (R = 0.42, p \< 0.05), while in women, age was correlated with the change in potassium (R = 0.66, p \< 0.05). To confirm these correlations, we divided the patients into two age groups: 18 to 50 and \>50 years old. Comparison of these groups confirmed a significant difference in men (mean change in TBW in younger vs. older patients was 0.07% ± 0.12% vs. 0.84% ± 0.76%, respectively; p \< 0.05), while in women, the difference in the change in potassium between the age groups was not statistically significant.

Discussion {#sec8-0300060518790175}
==========

Dehydration and electrolyte imbalance are disorders commonly observed in the course of viral encephalitis and may exacerbate the already serious condition of the patient. They are usually caused by fever, poor oral fluid intake, or syndrome of inappropriate antidiuretic hormone secretion (SIADH). However, these disorders might also be drug-induced.^[@bibr21-0300060518790175]^

Mannitol is frequently used to decrease ICP and is administered as a standard symptomatic treatment for neuroinfections.^[@bibr2-0300060518790175]^ The adverse effects of mannitol are well known; however, little data are available concerning the actual impact of a single dose of mannitol on patients' hydration status and electrolyte balance.^[@bibr1-0300060518790175],[@bibr5-0300060518790175][@bibr6-0300060518790175]--[@bibr7-0300060518790175]^ The present study has shown that a single dose of 15% mannitol (0.25 g/kg) decreases the sodium and chloride concentrations in serum by 2.4 and 1.5 mmol/dL, respectively. Moreover, it decreases the TBW by approximately 300 mL.

Seo and Oh^[@bibr24-0300060518790175]^ observed hypernatremia in 10% of their study subjects on the first day of mannitol administration and in 10% to 21% of subjects throughout the 7-day mannitol administration period.

In the present study, hyponatremia was observed in 12.2% of our subjects on the first day of mannitol administration and in 9% to 24% of subjects throughout the 7-day period. In addition, no significant differences were found between changes in the rates of hypernatremia and hyponatremia throughout the 7-day administration period. The most notable finding was the high rate of hypokalemia observed during mannitol administration. Hypokalemia was observed in 22.0% of subjects on the first day and continuously increased to 52.3%, and this increase was significant.^[@bibr24-0300060518790175]^

Although the adverse effects of mannitol are usually mild, proper monitoring and fluid/electrolyte supplementation may be of high importance in already dehydrated patients because dehydration and dyselectrolytemia may deteriorate the patients' clinical state.^[@bibr21-0300060518790175]^

The hydration status is difficult to measure in clinical practice. Several symptom-based methods are used in everyday practice, such as measurement of the mucosal dryness, capillary return delay, urine output, central venous pressure, It is also possible to precisely measure patients' hydration status with bioimpedance using modern equipment, which may be useful in routine clinical practice.^[@bibr25-0300060518790175]^

From the results of our study, we conclude that patients treated with standard doses of mannitol (0.25 g/kg two to four times a day) need supplementation of at least 300 mL of fluids per dose of mannitol and should be carefully monitored for hyponatremia and hypokalemia. This is a very important issue in patients with meningitis or encephalitis who are additionally dehydrated due to their disease.

In the present study, the influence of mannitol did not depend on the severity of the disease. However, patients with the severe form of TBE are more prone to develop hyponatremia due to SIADH; therefore, mannitol should be administered with particular care in this group.^[@bibr21-0300060518790175]^ For the purpose of this study, we chose a homogenous group of patients with TBE; nevertheless, the results might be able to be extrapolated to other patients with viral meningitis treated with mannitol. In the future, we plan to compare patients with TBE with different groups of patients to assess whether the response to mannitol differs depending on the etiological factor.

The main limitation of our study was the small group of examined patients; therefore, further studies are planned. The strongest and most innovative point of our study is the use of modern bioimpedance technology for adequate measurement of the effect of mannitol on patients' hydration status, including the intracellular and extracellular water volume. Such technology enables precise monitoring and maintenance of the patient's water balance. The results of our study were repeatable, which allows us to predict that hydration evaluation based on bioimpedance may be of use in routine clinical practice.

Conclusions {#sec9-0300060518790175}
===========

Patients with TBE should receive mannitol two to four times a day depending on their clinical presentation. Administration of a single dose of mannitol (0.25 g/kg) requires at least 300 mL of fluid supplementation. Bioimpedance might be useful for evaluation of dehydration in individual patients. Patients also require monitoring for potential hyponatremia. Finally, men of advanced age may be more prone to dehydration after mannitol treatment.
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